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Metabonomics is an emerging interdiscipline which proposed by Prof. Nicholson 
in 1999, and composes an important part of systematic biology. The definition of 
metabonomics is the qualitative and quantitative analysis of all the low molecular 
weight (Mw ≤ 1000) metabolites in living cells. The theory and technology of 
metabonomics are widely used in many fields including human health, disease 
diagnosis, pharmacology, nutrition, food science, toxicology, environmental science, 
botany and lots of related fields. 
Glutamine is an amino acid with the highest concentration in the blood and 
consumed much more than other amino acids by numerous cancer cell lines.Thus, 
glutamine is thought to play a unique role in excessive proliferated cells. In this paper, 
we developed a novel methodology based on 
15
N labeled glutamin and matrix assisted 
laser desertion/ioni time of flight mass spectrometry (MALDI TOF MS) to study 
glutamine participated nitrogen metabolism in Hela cells. As a result, we could easily 
detecte 16 glutamine related metabolites, and analyzed their participated metabolic 
pathways. The results showed that 
15
N labeled metabolites appear 3 Da or 4 Da 
increasement in molecular weight compare to  their 
14
N counterpartin adenosine and 
guanosine containing metabolites. However, the molecular weight difference is t 1 Da 
or 2 Da in uridine-containing metabolits. In addition, we also expand the usage of 
presented method and successfully detected UDP-glucose and 
UDP-N-acetylgalactosamine which respectively are the activated form of glucose in 
cells and  an important biomarker for heart disease. 
In the second part of this thesis, cycloalkenyl phosphonates have been found to 
be important biomolecules in metabolic processes, as anticancer and antiviral drugs, 
and as antibacterial and antifungal compounds. They are widely applied in the field of 
polymer comprising as a monomer or copolymer. They are also often used for the 















method for their preparations had suffered from a lack of tolerance for functional 
groups. In this paper, we have successfully developed a simple and highly efficient 
method for the synthesis of cycloalkenyl phosphonates by the cycloaddition of 
alkynyl phosphonates to dienes in the absence of catalyst. An oven-dried Schlenk tube 
was evacuated and purged with argon three times. A mixture of 0.5 mmol of diethyl 
(phenyl-ethynyl) phosphonate, and 1.0 mL of cyclopenta-1,3-diene were sequentially 
added the above mentioned Schlenk tube at room temperature. The reactionmixture 
was heated with stirring at 120 
o
C for 48 h. After investigation of the scope of the 
reaction by employing various substrates, it was found that a variety of funtional 
groups, such as alkyl, alkoxy, aryl, halogen cyano, hydroxyl, carbonyl and carboxyl 
were all applicable to Diels–Alder ［4+2］ cycloaddition reaction. There are 19 new 







HRMS and IR spectra. 
 

















符号 英文含义 中文含义 
9-AA 9-aminoacridine 9-氨基吖啶 
ADP adenosine diphosphate 腺苷二磷酸 





ATP adenosine triphosphate 腺苷三磷酸 
CHCA cinnamic acid 肉桂酸 
Cp cyclopentadiene 环戊二烯 
DA Diels-Alder 狄尔斯-阿尔德 
DEPH  diethyl phosphite 二乙基亚磷酸酯 
DHB 2, 5 - dihydroxybenzoic acid 2,5-二羟基苯甲酸 
DMEM dulbecco's modified eagle medium 贝科改良型培养基 






dTDP-VCM dTDP-L-vancosamine 脱氧胸苷二磷酸-万古胺 
ESI-MS 
electrospray ionization mass 
spectrometry 
电喷雾质谱 
Et3N triethylamine 三乙胺 
GSH glutathione 谷胱甘肽 
Gln glutamine 谷氨酰胺 
GDP guanosine diphosphate 鸟苷二磷酸 
GMP guanosine monophosphate 鸟苷一磷酸 
GTP guanosine triphosphate 鸟苷三磷酸 















3-HPA 3-hydroxypropionaldehyde 3-羟基丙醛 
HRMS high resolution mass spectrometry 高分辨质谱 
IR infrared spectrometry 红外光谱 
MALDI-TOF
-MS 
matrix assisted laser desorption 









NMR nuclear magnetic resonance 核磁共振 
PBS phosphate buffered saline 磷酸盐缓冲液 
SA sinapinic acid 芥子酸 
THF tetrahydrofuran 四氢呋喃 
TLC thin layer chromatography 薄层色谱 
UDP Glc UDP glucose 尿苷二磷酸葡萄糖 
UDP GlcA UDP glucuronic acid 尿苷二磷酸葡萄糖醛酸 
UDPGalNAc UDP-N-acetyl-D-galactosamine 尿苷二磷酸乙酰半乳糖胺 
UMP uridine monophosphate 尿苷一磷酸 
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第一章  绪论 
1 
第一章  绪论 
1.1 代谢组学研究发展概况 
1.1.1 代谢组学概况 
90 年代后期，随着基因组学的提出和迅速发展，Oliver 先于 1997 年提出代
谢组学(metabolomics)的概念，之后很多植物化学家开展了这方面的研究[1]。1999
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